Experiments were conducted to determine the effect of bentonite and nonnutritive dietary polymers on toxicity and metabolism of T-2 toxin in rats. Male weanling rats were fed diets containing 5% bentonite, anion exchange resin, cation exchange resin or vermiculite-hydrobiotite. Each diet was fed with and without 3 /ag T-2 toxin/g of feed for 2 wk. Bentonite and anion exchange resin were the treatments most successful at overcoming growth depression and feed refusal caused by T-2 toxin. Subsequent experiments tested bentonite and anion exchange resin at 0, 2.5, 5.0, 7.5 and 10% of the diet. Bentonite fed at 10% was the most effective treatment at overcoming feed refusal and growth depression. Rats were fed 0, 5, 7.5 or 10% bentonite for 2 wk and then dosed with [3HI T-2 toxin. Urine and feces were collected for 21 h after dosing and tissues were excised for determination of residual 3H. Feeding bentonite had little effect on the fraction of the dose excreted in the urine. Significant increases in fecal excretion of 3 H were shown, when the feeding of 5, 7.5 or 10% bentonite was corn- pared with the casein-based, semi-purified control diet. Dietary bentonite had no effect on residual 3H in liver or kidney, but all concentrations of bentonite tested reduced residuaI 3H in muscle. More 3 H was found in the digesta in the small intestine and in the wall of the intestinal tissue when rats fed 5% bentonite were compared with the controls. Intestinal transit time for rats fed bentonite diets was reduced compared with that of the controls as indicated by chromic oxide marker studies. It was concluded that bentonite feeding prevents T-2 toxicosis by reducing intestinal absorption and increasing fecaI excretion of the toxin.
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I ntroduction
T-2 toxin is a trichothecene mycotoxin produced by strains of Fusarium, Myrothecium, Trichoderma, Cephalosporium, Verticimonosporium and Stachybotrys molds (Ueno, 1977) . T-2 toxicosis has been described in many species including man and is characterized by feed refusal, lesions of the gastrointestinal tract and emesis (Ueno, 1977) . Such symptoms have been reported in Wisconsin dairy cattle fed Fusarium-contaminated corn (Hsu et al., 1972) and in Canadian geese, ducks, horses and swine fed moldy barley (Puls and Greenway, 1976) .
Investigators have recently attempted to treat various toxicoses caused by environmental agents through the use of orally administered, nonnutritive polymers that can reduce gastrointestinal absorption of the toxin. Cholestyramine resins have been shown to promote fecal excretion of brominated biphenyls (Rozman et al., 1982) thereby reducing body burdens. Divinylbenzene-styrene polymers have been reported to overcome toxicity of zearalenone, a Fusarium mycotoxin (Smith, 1980 (Smith, , 1982 , and may have potential as a preventative agent. In vitro studies with bentonite have indicated this pellet binding agent 1498 JOURNAL OF ANIMAL SCIENCE, Vol. 57, No. 6, 1983 may bind aflatoxin (Masimango et al., 1979) . Such an effect could be exploited to remove toxins from food products. Experiments were conducted to determine the potential for bentonite and other nonnutritive polymers to prevent T-2 toxicosis in rats.
Experimental Procedure
Growtb Trials. In all trials, male weanling Wistar rats 8 (70 to 80 g) were individually housed in stainless steel cages exposed to 12 h light daily with water supplied ad libitum. Animals were weighed and groups of 10 were each fed one test diet for 14 d in all growth trials, over which time feed consumption and growth were recorded. Diets were formulated to be isonitrogenous with the control diet (table 1) and each formulation was fed with and without 3 ~tg crystalline T-2 toxing/g feed.
In the first trial, several nonnutritive polymers were tested to determine their effect on feed refusal and growth depression caused by T-2 toxin. The control diet was supplemented with bentonite 1~ Zonolite Verxite 11 (purified vermiculite-hydrobiotite composed of hydrated magnesium silicate containing variable amounts of other exchangeable mineral ions, principally K, Fe and Ca), or synthetic anion or cation exchange resins 12 (divinylbenzene-styrene polymer). Additions were 5% of the diet and were made at the expense of cornstarch in all trials.
The effectiveness of different concentrations of anion exchange resin was measured in the second trial. The control diet was supplemented with 2.5, 5.0, 7,5 and 10.0% resin. Bentonite was provided at 2.5, 5.0, 7.5 and 10.0% in the third trial.
Enzyme Assay. Livers from rats fed bentonite in the first growth trial were excised and assayed for nonspecific esterase (E.C.3.1.1.1) with activity expressed as /amol ~-naphthol produced,min-l-mg protein -1 (Dabich et al., 1968) . This enzyme is beheved to metabolize T-2 toxin to HT-2 toxin by selective C-4 deacetylation. Protein concentrations were determined according to Lowry et al. (1951) .
T Carson and Smith (1983) . The rats were fasted for 5 h before dosing and the toxin was added to about 4 g of feed in an acetone solution. The animals were given the dosed feed at the beginning of the dark period and after 2 h the empty feed cups were filled with unlabeled feed. The optimal dose of [SH] T-2 toxin for detection of 3H in feces and urine was determined by feeding rats 0, 3.7 x 107, 7.5 x 107 or 1.85 x l0 s dpm/kg body weight. Two rats were given each dose and feces and urine were collected at 24 and 48 h. Radioactivity in feces and urine and in all tissues extracted in subsequent experiments was determined according to Carson and Smith (1983) .
The optimal period for measurement of toxin clearance and tissue residues was established separately by killing two rats at each interval of 6, 12, 18, 24 and 36 h after dosing and quantifying radioactivity in feces, urine, liver, kidney and muscle.
T-2 Excretion and Residue Studies. Rats were fed the control diet or the control diet modified to contain 5.0, 7.5 or 10.0% bentonite for 14 d (10 rats/diet). All animals were then orally dosed as previously described with 7.5 x 107 dpm[3H] T-2 toxin/kg of body weight (.172 mCi/mg T-2). Feces and urine were collected for 21 h after dosing, after which all animals were killed and liver, kidney, small intestine and a sample of muscle were excised and radioactivity measured (Carson and Smith, 1983) . Metabolites of T-2 toxin in feces were also fractionated and quantified.
A similar experiment was undertaken to compare the effects of bentonite after oral administration of toxin with those after topical administration. This was accomplished by shaving a patch of skin on the back at the base of the skull and applying the same dose of [3HI T-2 toxin in acetone.
Digesta Passage Time Study, The influence of dietary bentonite on digesta passage time was determined according to Guncaga et al. (1974) . Rats were fed the previously described diets containing 0, 5,0, 7.5 or 10.0% bentonite for 7 d, after which time the same diets were fed supplemented with 1% of the inert fecal marker chromium sesquioxide. Feces were collected at hourly intervals after 6 h and the time required for the initial appearance of chromium in the feces as detected by atomic absorption spectrophotometry was taken to be the passage time of the ingesta.
Statistical Analyses. Data in all studies were
analyzed by one-way analysis of variance appropriate for a completely randomized design (Snedecor and Cochran, 1967) . The effect of diet on the characteristics measured was determined by individually comparing each treatment mean with controls.
ResuRs and Discussion
Growth Trials. Final body weights, feed consumption and feed efficiencies of rats fed various nonnutritive polymers and T-2 toxin are given in table 2. The addition of T-2 toxin in the control diet reduced final body weights and feed consumption (P<.01). Zonolite Verxite and cation exchange resin had little effect on these responses, but the decrease in final body weights and feed consumption was reduced by the feeding of bentonite with a possible effect of anion exchange resin. Because both feed consumption and growth rates were reduced by T-2 toxin, feed efficiencies were relatively unaffected.
Decreases in feed consumption and growth rates of rats fed T-2 toxin have also been reported by Marasas et al. (1969) and Vesonder et al. (1979) , Ueno (1977) has suggested that aMean + SE for 10 rats for a 14-d period. bDifferent from same diet devoid of T-2 toxin (P<.01).
CDifferent from same diet devoid of T-2 toxin (P<.05).
feed refusal induced by T-2 toxin is caused by inflammation of mucosal surfaces of the gastrointestinal tract. A few rats fed T-2 toxin in the current study exhibited bleeding from the nose but the acute effects described by Kosuri et al. (1971) were not seen because the dose administered was lower. The second growth trial was conducted in order to determine if the possible protective effect of 5% anion exchange resin could be duplicated or increased when this material was fed at other concentrations. Results are given in table 3. The growth-depressing effects of T-2 toxin were minimized by the feeding of 5.0% resin, while the reduction in feed consumption was overcome to the greatest degree by 7.5% resin. The feeding of 10.0% resin depressed growth and lowered feed efficiency. The increase in feed consumption noted with increased inclusion of resin was likely due to reduced dietary energy density. No attempt was made to ensure isoenergetic diets because dietary fat has been shown to partially overcome feed refusal due to T-2 toxin (T. K. Smith, unpublished observations).
Anion exchange resin has been shown to prevent zearalenone toxicosis by binding the toxin in the digestive tract to prevent absorption (Smith, 1980 (Smith, , 1982 . T-2 toxin may be less anionic than zearalenone at intestinal pH because less beneficial effect of the resin was seen with T-2 toxin. Any beneficial effects of this type of resin may, therefore, be less related to ion exchange capacity than to its capacity to physically entrap the toxin in a polymeric matrix. Some anionic behavior of T-2 toxin is likely, however, because in the first growth trial anion exchange resin was clearly more effective at overcoming growth depression than was cation exchange resin. The third experiment showed bentonite to be the most effective treatment tested. As little as 2.5% bentonite greatly increased feed consumption and final body weights of rats fed T-2 toxin (table 4). The feeding of 10% bentonite completely overcame the toxicosis.
The ability of bentonite to effectively prevent feed refusal due to T-2 toxin is not likely due to ion exchange because this product is a colloidal hydrated aluminum silicate. It has the property of forming highly viscous gels when mixed with water. Absorption of toxin aMean -+ SE for 10 rats for a 14-d period. bDifferent from same diet devoid of T-2 toxin (P<.O1).
CDifferent from same diet devoid of T-2 toxin (P<.05). aMean + SE for 10 rats for a 14-d period.
bDifferent from same diet devoid of T-2 toxin (P<.O1).
CDifferent from same diet devoid of T-2 toxin (P<.OS).
may therefore be reduced as bentonite traps molecules. This property likely accounts for the observation that bentonite can bind aflatoxin in vitro (Masimango et al., 1979 ). An alternative hypothesis to account for the beneficial effects of bentonite could be that this treatment was promoting metabolism of T-2 to less active higher metabolites. Chadwick et al. (1978) have reported that dietary fiber can promote the metabolism of pesticides even though the polymeric fibers cannot be absorbed from the gastrointestinal tract.
T-2 toxin is metabolized to HT-2 toxin through the action of hepatic microsomal carboxyesterase (E.C.3.1.1.1) that catalyzes selective C-4 deacetylation (Ohta et al., 1977 (Ohta et al., , 1978 . The same enzyme can further convert HT-2 toxin to the more polar metabolites 4-deacetylneosolaniol and T-2 tetraol (Yoshizawa et al., 1980) . The feeding of 5.0% bentonite had no significant effect on the activity of this enzym e (table 5) . This gives further support to the hypothesis that the beneficial effect of bentonite is due to its binding capacity in the gastrointestinal tract.
T-2 Clearance Rate. All three doses of [3Hi T-2 toxin that were tested resulted in measurable radioactivity in urine and feces samples after 48 h. It was, therefore, decided that the dose to be used in subsequent experiments would be 7.5 • 107 dpm/kg body weight. The optimal collection period for 3I-I excreted after dosing was determined to be 21 h. The per- acarson and Smith (1983) .
bMean -+ SE for 10 rats, nmol a-naphthol produced'mg protein -t .rain -t at 37 C.
centage of the dose excreted 6, 12, 18, 24 and 36 h after dosing was found to be 8.1, 25.0, 31.0, 71.1 and 70.5, respectively. It was thought that the kinetics of excretion were such that the choice of 21 h would maximize the possibility of observing any effect of diet on excretion and tissue residues before excretion was complete.
The liver was found to be the major site of radioactivity in the tissues collected. The highest amount of radioactivity in this tissue was seen at 6 h after dosing although the peak would likely have been seen sooner if earlier measurements had been made. This finding agrees with literature reports of rapid uptake of T-2 toxin associated with high hepatic concentrations. Radioactivity after ingestion of T-2 toxin by mice peaked in liver in 30 rain (Mat~ sumoto et al., 1978) while Chiet al. (1978) noted hepatic residues peaking 4 h after dosing of chickens.
T-2 Excretion and Residues. There was a slight but insignificant decrease in the fraction of the dose of [all] T-2 toxin excreted in the urine when bentonite was added to the diet (table 6). As little as 5% bentonite, however, sharply increased fecal excretion of the toxin (P<.01). This effect caused an increase in total toxin excreted when all concentrations of bentonite were fed (P<.01).
Small changes in urinary excretion of toxin are potentially difficult to detect using [all]-labeled compounds due to a H exchange, which results in urinary excretion of [3H] water. The tracer compound used in this study was tested for possible exchange under acid conditions similar to those found in the stomach (Chi et al., 1978) , but little was observed. It is possible, however, that constant urinary excretion of small amounts of [all] water could mask any effect of bentonite on urinary excretion of toxin.
The observation that the major excretory pathway for T-2 toxin is via the feces agrees with the findings of Matsumoto et al. (1978) and Yoshizawa et al. (1981) . Fecal excretion of 3H was greatly increased by the feeding of bentonite, indicating that the effect of this additive in overcoming feed refusal and growth depression is likely due to binding of toxin in the intestinal lumen. Measurement of [3 H] T-2, HT-2, T-2 triol and T-2 tetraol in feces indicated no change in the relative amounts of these metabolites (table 7) . This would further Smith (1983) . bMean -+ SE for 10 rats.
CDifferent from diet devoid of bentonite (P<.01).
suggest that dietary bentonite has little effect on T-2 metabolism. The metabolites measured, however, represent only a small fraction of total metabolites, most of which have yet to be identified. A recent report indicates that 3'-hydroxy T-2 and 3'-hydroxy HT-2 may be present as metabolites (Yoshizawa et al., 1982) . The effect of dietary bentonite on residual 3 H in tissues is given in table 8. Amounts of 3 H from T-2 toxin in liver and kidney were not significantly altered by bentonite feeding, but apercentage of total radioactivity in feces. bEstimated through the use of scripentriol as standard.
CCarson and Smith (1983) . dMean -+ SE for 10 rats. Smith (1983) . bMean -+ SE for 10 rats.
dDifferent from diet devoid of bentonite (P<.05).
all concentrations of bentonite lowered residues in muscle (P<.01). Residual aH in intestinal contents and the intestinal cell wall increased (P<.05) compared with controls when 5.0% bentonite was fed; other levels of bentonite had no effect. Both the liver and kidney have been identified as sites for excretion of absorbed T-2 toxin (Kosuri et al., 1971) . These tissues would, therefore, be the least likely to have depleted residues in response to the feeding of bentonite. Reduction in residual T-2 toxin in muscle is likely due to less toxin being absorbed from the intestine and distributed to peripheral tissues. Increased radioactivity in the digesta of animals fed 5.0% bentonite is likely due to the trapping of the toxin in the intestinal lumen. The lack of a similar effect in rats fed higher levels of bentonite may be due to a decreased intestinal transit time in these animals. Support for this concept is given by the high fraction of the dose excreted in the feces of these animals. There is no obvious explanation, however, for the increased radioactivity in the intestinal cell wall of rats fed 5.0% bentonite.
The excretion and residue experiment was repeated using topical administration to determine if the feeding of bentonite could promote biliary losses of T-2 toxin. The assumption was made that any increase in fecal excretion or decrease in urinary excretion would be due to trapping of bile by the bentonite because fecal losses would no longer include unabsorbed orally administered T-2 toxin. Increas!ng bentonite caused consistently more fecal excretion of 3H, but this effect was not significant. No effect of diet was seen on urinary excretion of 3H or on tissue residues (table 9). This is in contrast to the effect of dietary alfalfa, which has been shown to promote bile flow (Malinow et al., 1980) and increase fecal excretion of topically administered T-2 toxin (Carson and Smith, 1983) . Much less of the dose was recovered in 21 h after topical administration compared with that recovered after oral dosing.
The major effect of bentonite is to reduce transit time of digesta through the gastrointestinal tract. This was confirmed by the use of chromic oxide as an inert marker. The feeding of as little as 5.0% bentonite reduced transit time from 10 h to 7 h (table 10). It must be concluded, therefore, that the feeding of bentonite prevents T-2 toxicosis in rats by promoting fecal losses of the toxin. This is accomplished by nonspecific binding of the toxin in the gut and reducing passage time. These findings justify the testing of bentonite in prevention and treatment for T-2 toxicosis in Smith (1983) .
bTotal dpm excreted in 21 h • 10 -6 .
CMean +-SE for 10 rats.
dDpm/g tissues X 10 -4. bMean +-SE for two rata susceptible species of economic importance such as poultry and swine.
